Ministry ^Economic 

Development 

Monatil Ohanga 



4 ; • s of New- Zcalapd 



PCT/NZ2004/000274 




CERTIFICATE 



This certificate is issued in support of an application for Patent registration in a country 
outside New Zealand pursuant to the Patents Act 1953 and the Regulations thereunder. 

, hereby certKy that annexed Is a true copy of the Provisional Specification as filed on 
31 O ctober2003 with an application for Letters Patent number 529291 made by 

AUCKLAND UNISERVICES LIMITED. — ~ 



Dated 8 November 2004. 



PRIORITY DOCUMENT 

SUBMITTED OR lltANSMITTED IN 
COMPLIANCE WITH 
RULE17.Ha)OR(b) 



CD 

SI 

fn 
o 

o 



of Paterts, Trade Mart<s and Designs 




330 High Street, Lower Hutt 
PO Bo* 30687 Lower Hutt New Zealand or DX SX 1 1129. Wellington 



5292 9 1 



K , , Our Ref: WEJ504629 

Patents Form No. 4 

Patents Act 1953 
PROVISIONAL SPECIFICATION 
COMMUNICTION METHOD AND APPARATUS 

We Auckland UniServices Limited, a New Zealand company, of Level 10 70 
Symonds Street, Auckland New Zealand do hereby declare this invention to be 
described in the following statement: 



PT043845205 



IntsHeetual Property 
Offlet of NZ 

3 \ OCT 2003 

RECEDE 0 



3001691 08 _1 



COMMUNICATION APPARATUS AND METHOD 



Field of Invention 



This invention elates to communicaaon systems, and has particular but not exc.us.ve 
rie ,c communion with or between devices suppiied wKh power from an 
energised trad, such as an HID/IPT (High Efficiency Inductive Power Distribute / 
Inductive Power Transfer) system. 



Background 

HID/IPT systems are very popular for many pracaca, applications because they can wort, 
,„ very harsh environments aa they transfer power wHhou, physical comae, and a« 
LJoretoleran. of environment hazards such as water.adds, dirt and gnme, yetthey 
themselves produce no harmful residues. 

,n consequence HID/IPT systems can operate in factories where they provide high 
the level of cleanliness Is very high and the HID/IPT system is compatible. 

The ability for communication w«h a devfce powered by an HID/IPT system fe becoming 
Leasing., important HID/IPT systems usually transfer power to devices that have a 
L te perform, for exampte the devioes may be carriages wHch^rtem .automated 
orocesses or which are required to travel to a selected location. The tasks that the 
ST„ JU, can be automated to a greater degree and made far more efneen. 
Riding a means o, communion between devices and/or between each dev,ce 
and a system control module. 

A communions system for an HID/IPT system must share the sen, , ^tegesj . *e 
HID/IPT system I e. it must transfer information without physical contact and must be 

environment ye, produce no residues, or e,eComagne«c interference, 

itself. 

HID/IPT systems operate in a wide range of environments where the power cables of the 
leave path or trac* may be In air, or water, or even concrete .n these 
^circumstances it is unlikely ma. one particular type of communions system w.,1 
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be umveraally applicable. In a separate application a communications system ^ere the 
HID/IPT track is tuned to two frequencies at the same time has been disclosed. Th,s 
system has the advantages of low cost (as no addKiona, conductors are reouued) and 
epp.cab.nty, as wherever there is power there are communicabon s,gnals as well. But the 
range of applied of this technique is MM as ft. bandwidth ma, Is ava„able using 
pick-ups tuned to bom a power frequency and a communicafions frequency at the same 
bme is limited. In practice bandwfdlhs of less than 50kHz are to be expected. The 
ZZ has me advantage .hat it is operable wtth a» HID/IPT med,a e.g. wood, concrete, 
water, and air. However, In many circumstances its bandwidth is simply too small. 

Wider bandwidth communication systems use microwaves, for example adhering to 
standards such es IEEE 802.Ha orb, butthese bands are becoming "V-M-* 
microwave is no. acceptable by man, potential users of HUIFT systems. In factory 
Zm~ microwaves can aiso sutterfrom shadowing. This means thatexba , 
must be introduced which adds to spectra, Cutter. Wideband systems can also use leaky 
feeders. These are essenbally distributed antennas and radiate widely making 
commence with emission standards difficult when vride bendwldths are needed. Leaky 
feeuers era also very expensive. Other communioabons systems econom,se by us,ng the 
cables to prapagate radio sfcnals as well and having antennas disputed around 
Zl to recede the signals. These systems are effete but ieak radiabon as power 
wiras ere not good RF oonductora, and consequent* the, have a resthcted bendw,dth 
and range. 

Summary of Invention 

It is an object of the present invention to overcome or ameliorate one or more 
disadvantages of known communication systems, or to a. leas, provkte the pubhc wtth a 
useful alternative. 

Accordingly in cne aspect the invention brbadly provides a communication system for a 
Accord.ngly in ronductjve power supply path, the communication system 

load that receives power from a conductive power y v 

r^ve communicabon path capabte of conveying communicabon signals, and 
a communicabon device essooiated wtth the load, the communication deuce mcluding e 
coupling means provided accent to the conducive path to couple commumcabon 
signals to or from the communioebon device to the communicabon path. 
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Preferably the coupling means is provided in the near field of the communication path. 
Preferably the system allows bi-directional communication between the commun.cat.on 
device the communication path. 

Preferably essentially no power is radiated from the communication path. 

Preferably the communication path comprises a cable having two conductors. 

Preferably the conductors are separated by an insulating web. 

Preferably the cable may comprise a ribbon cable such as a 300 ohm communication 
cable. 

Preferably the coupling means comprises an inductance. 

Preferably the inductance may comprise a partial or single turn of a conductive material. 
Preferably the inductance is provided on a substrate such as a PCB. 

Preferably the communication path is terminated with a resistance corresponding to the 
characteristic impedance of the path. 

Preferably the system includes a communication device directly coupled to the 
communication path. 



In a further aspect the invention broadly provides a method of providing communication to 
or from a load that receives power from a conductive power supply path, the method 
including the steps of: 

providing a conductive communication path capable of conveying communication s.gnals, 
providing a communication device associated with the load, the communication dev.ce 
including a coupling means provided adjacent to the conductive path, and e.ther 

a) imposing a communication signal on the communication path and us.ng the 
coupling means to provide the signal to the communication device, or 
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b) using the communication device to generate a communication signal and using 
the coupling means to provide the signal to the communication path. 

|„ a further aspect the invention broadly provides a communication system having a 
conductive communication path and means to couple power into the «™ U "^°T* 
either direct* or with a mutual inductance so that one or more devices associated witt, the 
communicate path can communicate with eaoh other w*h easemlally no power t=e,ng 
radiated from the communication path. 

The invention also consists of any novel feature or combination of features described 
herein. 

Further aspects of the invention, which should be considered in all its novel aspects will 
become apparent to those skilled In the art upon teading the following descnpaon whtch 
provides at least one example of a practical application of the Invention. 
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Drawing Description 

One or more examp.es of app.ications of the invention will be described be.ow w,th 
reference to the accompanying drawings in which: 



Figure 1 
Figure 2 

Figure 3 

Figure 4 
Figure 5 
Figure 6 
Figure 7 

Figure 8 
Figure 9 
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is a diagrammatic illustration of a known HID/IPT system, 

is a diagrammatic illustration of a communication system according to the 

invention, . 

is a diagrammatic illustration of another embodiment of a commun.cat.on 

system according to the invention, 
is a sketch of an inductor, 

is a partial elevation of a cable used in accordance with the invention, 
is an end elevation of the cable of Figure 5, 

is a diagrammatic elevation of the inductor of Figure 4 in use relative to the 
cable of Figures 5 and 6, 

is an end elevation of the arrangement shown in Figure 7, and 
is an end elevation in cross section showing the orientation of the 
communication path and pick-up relative to the power conductors in an 
example of an HID/IPT application. 
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Detailed Description 

Refentng to Figure 1 a known HID/1PT system is shown, Such e system ., described in 
US Z. 5 293 308, the contents of which ere induced by reference here,n ,n tee,r 
enc^e astern 'nciudes a conduce path 1 teaUs etoctricaliy ene^ised * apower 
s p*2. The ath1mayinciudecompensa.oncapad.ors3. A device 4 suppU^th 
S - P* 1 * «*> seiectively coupied .0 one pa*. Thus »e <tev,ce 4 has a 
Ld pick-up circuit 5, rectifier bridge 6 and control components es descnbed ,n US 
5 » ot .Tprovae power as required by a toad. The ioad supplied win vary upon .he 
S — ^m, and ma, for exampie be a »gh, or an electee meter In man, 

tee pate 1 - be provided aiong a ra» ortrack on J"*^" 
cLgea are provided, and tee load will include an electee meter wh,cn moves tee 
carriage along the track. 

As discussed above, communication wite or between devices 4 is important te tee* 
ZZ» and efficiency ofsuch system, For example, atoe carnages are used* «om 
alt lugh a manufacturing process area, I. is important te know where each carnage 
is to avoid collisions or to correctly synchronise the manufacturing process, 
communication can be used to allow each carriage to report «s position. 

The present invention provides a communication system where IPT concepts may be 

lw communication between devices. Referring to Ffcure Z an exam* of 
.he communication system to shown having a communication conduce ate 10. A 
communication device 12 may transmit or receive (or bote) signals ,n tee form of electecal 
eX te^L .he pate 10. The device 12 includes an inductance L which ,s coupled 
to path 10 by mutual inductance M. 

,„ Fioure 2 a communication signal transmitter or receiver 14 (a 60-Ohm device in this 
JZZ*Z» coupled to tee pate which oompdses a transmission »ne avmg a 300- 
Z£L**> 'nrpedanoe, such as 300-Ohm .eievision nbbon) vis a matching 
transformer 16. The pate is terminated wite a 3CHK>hm resistor 18. 

An alternative arrangement (using like raference numerals to designate * 
« Figure 3. The pate in this example to terminated a. bote ends w,te resistors 18 
"on ng otee characteristic impedance oftee cable tea. provides pate 10 and two 
^Jnuntteareooup^tete.pateaotea.teepatea.iowsooramun.cation 
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signals to be transmitted/received between the units 12. 



. • i—iin— nuchas the 300 -Ohm ribbon cable described 
rnnventional 2-wnB transmission lines, sucn as ine <>w 

Conventional t ,njc =nH llHF sionals with very little loss of signal over 

above are effective at propagating VHF and UHF signals wrcn y 

iarge distances, for example 100 mettes or so. Such ribbon looks like a HID/IPT track and 

300-Ohm ribbon. The near field antennas are in the preferred form small mutual 
Idancestha. couple an inductance L to the path 10. The mutually coupled near-fleld 

- but at these frequencies (e.g. 300 MHz) the radian frequency <2rrf) ,s h,gh (,n the order 
«x *tf ) so thai Ihe product ril is a quite reasonable value (in Ihls exempt 20 Ohms). 

We have found thai a 300-Ohm ribbon HID/IPT system behaves in a very similar ^ manner 
Z 10-20KH* HID/IPT system. However .here a. also ^ ~~ 
.vstems oower is introduced at one end of the cable and may be extracted by pick ups 
Co lin .onglhelrac, T1,econ«nttona,tt«K b term^byaa = tt 

and a. regular intervals along a (lor*> .rack compensation capaoters must be aced 
pLent.hedrivingvottagefrombecoming1oohigh.The30O^hmnbbonoable,s 

tem^telin tts Lraclerislio Impedance so no compensaaon capacttors are required. ,1 
IZLca. .0 terminate ,he conventtona, HID/IPT system in ,« oharactenslic 
Z^L as me power iosses would be too high - for a track wtth a track current of 80 A 
aTaTmlerislio impedance of 1 80 Ohms Ihe iosses in a terming resister wo uld be 
1^ and the operating voltege would be 14.4kV. These differences apart we have 
21- ^have almoslidemicaHy. Pick-ups wtth .he 300-Ohm nbbon 
r te a^s,mpeAC(RF)devicesandarefu,lyreveraib.e. They do no. require 

Their reversibility is a major advantage. 

,„ practice a pick-up in .he 300Ohm system is a small singlelum Inductor (although those 
kiwTttte artwil realise thai other phy^ca, arrangements may be used such as a 
Z2 urn or more than one rum, wtth a shape .hat is preferably rectengular as s own ,n 

a ample and ttte short side 22 may be 10mm. The inductor ma, be formed using a PCB 
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so that the majority of the conductive surface of the original board is etched away to leave 
the generally rectangular conducive strip. The inductor so formed is connected to the 
communication device, for example by a coaxial cable 24. 

Turning to Figures 5 and 6, a portion of ribbon cable is shown, generally referenced 30, 
having two conductors 32 that are spaced approximately 10mm apart being separated by 
an insulating web 34. 

In Figures 7 and 8 the typical disposition of the inductor L relative to the ribbon cable is 
shown. A side 20 of the inductor L is placed parallel to, and in close proximity (e.g. 5mm . 
- 10mm) with one of the conductors 32 of the ribbon. The inductor L and the ribbon are 
preferably in the same plane. This pick-up would have a self-inductance of around 40nH 
and a mutual inductance to the track of approximately 10 nH. If the pick-up is truly in the 
near-field then simple circuit theory may be used to calculate its performance. With the 
dimensions given as above and with a ribbon terminated in 300 Ohms at both ends the 
calculated loss from one pick-up driven by a 50 Ohm generator to another pick-up is 49.5 
dB- the measured loss in the same circumstances is 51 dB. Similarly if the ribbon is 
driven with a matching transformer to match 300 Ohms to a 50 Ohm generator the 
calculated loss from the generator to the pick-up is 28 dB against a measured loss of 31 
dB. For propagation in the opposite direction from the pick-up to the generator the figures 
are again 28 dB and 31 dB. 

In Figure 9 a diagrammatic cross section is shown through a rail assembly 40 of an IPT 
system installation. The rail supports the track or primary power conductors 42 which are 
arranged to allow passage of a power pick-up core 44. The communication conductor 10 
(comprising ribbon 30) is shown provided on the rail assembly, and the inductor L is 
shown in close proximity to the ribbon, being supported by an arm 46 from the core so as 
to move with the core if necessary. 

in an HID/IPT system the effect of a-loaded pick-up is to reflect an impedance back into 
the track Thus a 3 KW load reflects a resistance of 0.469 Ohms back into a track with 80 
A in it to produce the 3 kW (assuming no loss). Similarly the 300-Ohm ribbon also has a 
reflected impedance of approximately 0.7 Ohms induced in it - this is small compared with 
the characteristic impedance and has very little effect on the propagation of signals in the 
ribbon With the ribbon a pick-up sending power to the ribbon also sees a back-reflected 
impedance - again of 0.7 Ohms - this is small and even though it is a mismatch it has 
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very little effect on the performance of the pick-up or the ribbon. 



From the foregoing it will be seen that an effective solution is provided to the problem of 
communications in IPT systems. Those skilled in the art will see that the communication 
system of the invention may also be used in non-HID/IPT applications, for example 
applications where vehicles or other bodies are powered by electrical and physical conta 
with a conductive path. 
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